Parkinson's disease. Globus pallidus internus (GPi) and subthalamic nucleus (STN) are the most targeted locations for the procedure. To investigate the variable efficiencies for the two different locations, we conducted a meta-analysis to compare both stimulation sites. 2 =0%). As for neurocognitive phase postsurgery, GPi DBS showed better performance in three of the nine tests, especially in verbal fluency. Use of GPi DBS was associated with a greater effect in eight of the nine subscales of QOL. Conclusion: GPi and STN DBS significantly improve advanced Parkinson's patients' symptoms, functionality, and QOL. Variable therapeutic efficiencies were observed in both procedures, GPi and STN DBS. GPi DBS allowed greater recovery of verbal fluency and provided greater relief of depression symptoms. Better QOL was also obtained using GPi DBS. Meanwhile, GPi DBS was also associated with increased dosage of levodopa equivalent doses. The question regarding which target is superior remained open for discussion. An understanding of the target selection still depends on individual symptoms, neurocognitive/mood status, therapeutic goals of DBS (eg, levodopa reduction), and surgical expertise.
Introduction
Parkinson's disease (PD) is a common, progressive, and age-related neurodegenerative disorder. It affects ~1% of people aged .60 years, 1 with or without motor symptoms. Levodopa is the one of the main pharmaceutical treatments of PD at the early stage. However, for patients with advanced PD, long-term use of levodopa is usually associated with levodopa-induced dyskinesia and on-off fluctuations. In most cases, these complications cannot be fully controlled by medication therapies. Levodopa equivalent doses (LED) indicates the level of medication used both before and after deep brain stimulation (DBS). DBS is considered successful if postoperative levels are reduced compared to preoperative levels. DBS was first applied to PD patients in 1990s 2 and was officially approved by the Food and Drug Administration in 2002. This technique has been used to treat PD in patients who do not respond adequately to levodopa treatment. 3 With years of development in theory and practice, DBS became a proper choice for medication-refractory advanced PD.
Previous studies have shown that DBS was more effective in improving motor signs (eg, tremor, rigidity, bradykinesia) and quality of life (QOL) for advanced PD than pharmacologic treatment. 4, 5 The globus pallidus internus (GPi) and the subthalamic nucleus (STN) are the most common targets for DBS in PD patients. However, no standard protocol flowcharts are provided for neurosurgeons. Evidence from randomized controlled trials (RCTs) with various follow-up periods revealed inconsistent results, [6] [7] [8] [9] [10] [11] [12] [13] and previous metaanalyses mainly focused on the motor function compared between GPi and STN. Nonmotor symptoms, for example, depression and neurocognitive impairment, were excluded from the life quality evaluation system in PD patients. 14 Moreover, three recent trials focusing on neurocognitive outcomes have been published and new evidence has been obtained. [15] [16] [17] It is necessary to conduct a meta-analysis of the latest and fully covered evidence to assess the motor and nonmotor outcomes of both GPi DBS and STN DBS.
Materials and methods

Literature search
A systematic search was performed in PubMed, Embase, and the Cochrane Library databases from inception to December 30, 2015. We adopted exploded Medical Subject Headings (MeSH) terms and corresponding keywords in the electronic search process. The search terms used were Stimulations), and (MeSH exp globus pallidus, and keywords Pallidum, Nucleus Subthalamicus), and (MeSH exp Subthalamic Nucleus, and keywords Luys Nucleus, Pallidums, Paleostriatum). No language or publication year restriction was imposed. We also manually checked the entire references of the selected studies to identify other potentially eligible studies that were not discovered during previous database searches.
Selection criteria
Two reviewers (ZGT and QZ) independently conducted the initial search. Retrieved literatures were imported into ENDNOTE (Thomson Reuters, Philadelphia, PA, USA), with duplication discarded. Unrelated literatures were excluded after careful scanning of titles and abstracts. Full-text articles of the remaining literatures were acquired to identify eligibility. Any discrepancy was resolved by discussion or decided by a third reviewer.
Published RCTs were included by meeting the following criteria: 1) population: patients with advanced PD were responsive to levodopa; 2) intervention: GPi DBS or STN DBS (either bilateral or unilateral); 3) comparison: STN DBS or GPi DBS (either bilateral or unilateral); 4) one or more of the following outcomes: scores of unified PD rating scale III (UPDRS-III), scores of Beck Depression Inventory II (BDI-II), LED, neurocognitive status, and QOL. Literatures were excluded for the following reasons: 1) subjects in each team were ,10; 2) maximum follow-up time was ,6 months; and (3) data from conference abstracts or literatures that could not be extracted.
Data collection and risk of bias assessment
Two authors (ZGT and QZ) performed data extraction from the included studies. Also they completed the risk of bias assessment independently. The data collected contained the following information: the first author, year of publication, country, subject size, surgical modus, assessment time points, and characteristics of the patients. Extracted data were input into an excel file. Risk of bias was assessed with the risk-ofbias tool provided by Cochrane Collaboration. 18 Each study was assessed for the following six items: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. Discussion or a third author resolved discrepancies.
Statistical analysis
All the outcomes were displayed in consistent data. Mean differences (MDs) with 95% confidence intervals (95% CIs) 
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A general comparison of GPi DBS and STN DBS were calculated for UPDRS-III, since they were pooled in different subgroups of follow-up time. Standardized mean differences (SMDs) with 95% CIs were reported for the rest of the outcomes, since they were collected at the maximum follow-up time points or were collected in different data types (changes from baseline data or end point data). P-value ,0.05 was considered statistically significant. The heterogeneity across studies was calculated using χ 2 and I 2 tests. Once the heterogeneity was small (I 2 #50%), the fixed-effects model was used; otherwise, the random effects model was used. Meta-analysis was performed by means of the RevMan 5.3 (The Cochrane Collaboration, London, UK).
Results
Trial selection
The PRISMA statement flow diagram displayed the process of literature search and selection, as shown in Figure 1 . Initially, 217 records were collected. By excluding duplicated articles and screening titles, 23 potential eligible articles remained. By intensive reading, 13 undesired articles were excluded. Ten RCTs were included in our meta-analysis at the end. All characteristics of the included RCTs are summarized in Table 1 . Patients in nine trials underwent bilateral GPi or STN implantation, and patients in one trial underwent unilateral implantation. The results of risk of bias assessment are summarized in Figure 2A and B.
UPDRS-III (motor)
According to different follow-up periods, subgroup analyses including postsurgery 6, 12, and 24 months were conducted. In the off-medication/on-stimulation phase, no significant difference was found between GPi DBS and STN DBS at 6 months (MD =−1.39, 95% CI: −3.70 to 0.92, P=0.24, I
2 =0%). At 12 months, a statistically significant effect in favor of the GPi DBS was obtained in the off-medication/ on-stimulation phase of UPDRS-III (MD =6.87, 95% 2 =0%). Details are shown in Figure 3 . In the on-medication/on-stimulation phase, the study reduced to a nonsignificant level when GPi DBS was compared with STN DBS at 6 months (MD =−0. Figure 4 ).
Levodopa equivalent doses
Six studies that recruited 822 patients were provided with levodopa equivalent study (LED). Compared with STN DBS, increased LED was needed in GPi DBS (SMD =0.60, 95% CI: 0.46-0.74, P,0.00001, I 2 =24%; Figure 5 ).
Beck Depression Inventory II
Four studies that involved 398 patients were provided with BDI-II. BDI-II scores demonstrated that STN has a better performance (SMD =−0.31, 95% CI: −0.51 to −0.12,
P=0.002, I
2 =0%; Figure 6 ). 
Neurocognitive status
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Quality of life
QOL was considered to be the most important outcome since it reflected comprehensive effects of DBS regarding motor and nonmotor outcomes. 19 Three studies that recruited nearly 500 patients were provided with PDQ-39, which was widely used to assess the health-related QOL with PD patients. Eight of the nine subscales showed a statistical significance between the two targets. Figure 8A ) regarding the subscale "communication", and random-effects model was used. Sensitivity analysis was performed to determine the reason. The heterogeneity was reduced greatly (I 2 =0%, P=0.83) when the study by Weaver et al 7 was excluded. Data from this trial were collected 36 months after DBS implantation, which was much longer than the other two. This could contribute heterogeneity to a larger extent. By excluding the "Weaver et al 7 " study, GPi DBS had a tendency of better function; however, the difference was no longer significant (SMD =−0.21, 95% CI: −0.42 to 0.01, P=0.06; Figure 8B ). The results of QOL are summarized in Table 3 .
Discussion
Main findings and implications for clinical practice
Motor control is the main therapeutic goal of advanced PD patients who undergo DBS. UPDRS-III (motor subscale) is widely used to assess PD patients' motor function. We analyzed the UPDRS-III scores at 6, 12, and 24 months follow-up points postsurgery. In the off-medication/on-stimulation phase, significant difference was obtained at 12 and 24 months. GPi DBS was 6.87 points higher than STN DBS at 12 months. However, GPi DBS was 2.46 points lower than STN DBS at 24 months, and this difference may have little clinical significance since 5 points is a minimal scale of clinically important change. 20 In the on-medication/on-stimulation state, significant difference was seen at 24 months, with GPi The levodopa equivalent doses decreased more in patients with implanted STN DBS. This advantage may be an important premise of treatment for PD patients who suffer from levodopa-induced dyskinesia, even for those who have poor compliance with long-term high doses of levodopa intake. However, neurosurgeons have to avoid aggressive medication reduction after STN DBS, since apathy and depressive symptoms may occur once levodopa was rapidly withdrawn. 21 Nonmotor symptoms, including mood disorder and neurocognitive impairment, are important manifestations of PD, which may exacerbate PD process and bring down patients' QOL. Previous studies reported negative impact of DBS on mood and neurocognition, especially for STN DBS. However, their outcomes had substantial heterogeneity and controversial results. 9, 10 The depression level was measured with BDI-II. Our meta-analysis revealed the overall BDI-II scores after implantation. STN DBS was more favorable in this evaluation. A possible interpretation was that STN DBS may easily affect nearby fiber pathways regulating limbic functions. 11 Therefore, for PD patients with depression symptoms, GPi may be the preferred target. On the other hand, frequent mood tests are necessary for patients undergoing STN DBS during postoperative follow-up. 
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A general comparison of GPi DBS and STN DBS performance in the subscale of verbal fluency, including both semantic fluency and phonemic fluency. Okun et al 22 thought that this was a surgical rather than a stimulationinduced effect because verbal fluency still deteriorated in the off-STN DBS state. Jahanshahi et al 23 have recently found that STN plays a role in inhibitory and executive control, including cognitive domain. Electrode implantation in STN might bring deficits in inhibitory control. Moreover, GPi DBS performed better in the stroop word reading test, although there was no significance between the targets in the other two tests with regard to the subscale processing speed. No significance was found between the targets in the other subscales of neurocognition.
QOL reflects the overall outcome of DBS implantation. GPi DBS shows greater improvement in QOL. The importance of the superiority of GPi DBS should be interpreted critically since only three studies were provided with PDQ-39, plus one of the studies had a few differences of PDQ-39 scores at baseline. 7 
Strengths and limitations
Our meta-analysis was the latest and the most comprehensive one, including ten RCTs and 1,034 cases. A major strength of this meta-analysis was comparing the neurocognitive function and QOL between GPi DBS and STN DBS. The importance of the two indexes may be underestimated before and remained heterogeneous in different studies.
Our meta-analysis also had the following limitations: 1) the studies involved were conducted with various implantation techniques, stimulators, stimulation parameters, and postoperative management. Therefore, potential risks of significant heterogeneity were undefined; 2) analysis was mainly based on data from bilateral implantations. However, the trial with 42 patients who underwent unilateral implantation was also included. 10 The results for unilateral implantation may be inconclusive, since unilateral implantation can have bilateral implantation benefits; 24 3) some adopted data were collected at 6 months after surgery, and this may be too early to check the efficacy.
Conclusion
Globus pallidus stimulation and STN stimulation significantly improve advanced Parkinson's patients' symptoms, functionality, and QOL. Variable therapeutic efficiencies were observed in both procedures, GPi and STN DBS. GPi DBS allowed greater recovery of verbal fluency and provided greater relief of depression symptoms. Better QOL was obtained using GPi DBS. Meanwhile, GPi DBS was also associated with higher levodopa equivalent doses. The question regarding which target is superior remained open for discussion. An understanding of the target selection still depends on individual symptoms, neurocognitive/mood status, therapeutic goals of DBS (eg, levodopa reduction), and surgical expertise.
